AIMS: Exposure to risk factors in childhood may have long-term influences on vascular structure and function. This paper reviews recent findings from the Cardiovascular Risk in Young Finns Study looking at the relationships between risk factors identified in childhood, including obesity, and arterial structure/function assessed in adulthood. METHODS: The Young Finns Study is a longitudinal study from childhood to adulthood. The baseline study was carried out in 1980 and included 3.596 children and adolescents aged 3-18 y. Regular follow-up examinations of this cohort have included comprehensive data collection, including obesity indices (body mass index (BMI, kg/m 2 ) and skinfolds in childhood), serum lipoproteins, insulin, glucose, blood pressure, family risk, lifestyle factors, smoking status, alcohol use, physical activity, psychological factors, diet and socioeconomic status. The latest follow-up was carried out in 2001 (N ¼ 2283, ages 24-39 y). In addition to the usual protocol, this 21-y follow-up study included ultrasound measurements of carotid artery intima-media thickness (IMT) and carotid artery elasticity. RESULTS: In this cohort, BMI measured in youth is significantly associated with BMI measured in adulthood. The correlation coefficient for 21-y tracking between childhood and adulthood BMI is r ¼ 0.45 (Po0.0001). In multivariate analysis, childhood LDL-cholesterol, systolic blood pressure, BMI and smoking were all significantly associated with adult IMT. The effects of childhood LDL-cholesterol and systolic blood pressure remained independently associated with carotid IMT when adjusted for the current risk factor values (Po0.01 for both). However, when adulthood BMI was entered into the model, the effect of childhood BMI became nonsignificant. The age-and sex-adjusted multivariate correlates of carotid artery elasticity included childhood skinfold thickness (sum of biceps, triceps and subscabular) and childhood systolic blood pressure. Childhood systolic blood pressure remained borderline significantly (P ¼ 0.08) associated with carotid elasticity when the effect of current blood pressure was taken into account. However, the effect of childhood skinfold thickness on carotid artery elasticity became nonsignificant (P ¼ 0.16) when adjusted with adult BMI. CONCLUSIONS: The data from the Cardiovascular Risk in Young Finns Study suggest that obesity indices measured in youth are significantly associated with increased carotid artery IMT and decreased elasticity in adulthood. These relations are, at least, partly explained by significant tracking of obesity from youth to adulthood. These findings emphasize the importance of maintaining ideal weight from youth to adulthood in cardiovascular risk reduction.
Introduction
Although the major clinical complications of atherosclerosis, such as myocardial infarction and stroke, usually occur in middle and late age, the atherogenic process begins in childhood. Autopsy studies in children and adolescents have confirmed the presence of preclinical atherosclerotic lesions in young individuals and show their associations to antemortem vascular risk factors. 1, 2 With reference to the studies indicating early atherosclerotic vascular changes in asymptomatic adults and in accord with the World Health Organization Recommendation of 1978, a population-based cohort study was launched in Finland in the late 1970s to study the determinants of cardiovascular risk in the young.
Description of the Cardiovascular Risk in Young Finns Study
The multicenter study, at first called 'Atherosclerosis Precursors in Children', later on renamed to 'The Cardiovascular Risk in The 21-y follow-up study The latest examination of the Young Finns cohort took place in 2001, when the participants were young adults, aged 24-39 y (N ¼ 2285). 7 In addition to the usual protocol, this 21-y follow-up study included ultrasound measurements of markers of arterial function and structure that are indicative of subclinical atherosclerosis. 8, 9 The loss of participants was approximately 34% after 21 y. 7 Among dropouts, there were more males than females, and dropouts were older than participants. Otherwise, baseline risk factor levels in this follow-up cohort were similar to those who had dropped out from the study. 7 The protocol for carotid ultrasound studies included measurements of carotid artery intima-media thickness (IMT) and carotid artery elasticity (compliance). The thickness of the common carotid intima-media complex (IMT) measured by ultrasound represents preclinical atherosclerosis. Increased IMT correlates with vascular risk factors, relates to the extent of coronary artery disease and predicts the likelihood of cardiovascular events. 10, 11 Ultrasonographically assessed arterial elasticity is another method to study early pathophysiological changes in the arteries relevant to the development of atherosclerosis. Risk factors, such as high LDL-cholesterol, elevated blood pressure, obesity and smoking, have been associated with decreased arterial elasticity in cross-sectional studies. Furthermore, decreased arterial elasticity has been implicated as an independent predictor for cardiovascular events in high-risk individuals. 12 The main objective of the 21-y follow study was to test the concept that exposure to cardiovascular risk factors during childhood and adolescence is associated with the development of atherosclerosis later in life. Evidence supporting this hypothesis were recently published. 8, 9 We have shown that risk factors identified in childhood and adolescence predict adult carotid artery IMT 8 and elasticity 9 independently of contemporaneous risk factors.
These observations thus suggest that exposure to cardiovascular risk factors early in life may induce permanent changes in arteries that contribute to the development of atherosclerosis.
Role of early obesity
Obesity is associated with clustering of several cardiovascular risk factors including dyslipidemia, elevated blood pressure and hyperinsulinemia already in children and adolescents. 13, 14 Being obese in childhood may be associated with long-term adverse cardiovascular health effects, as the risk of morbidity and mortality from coronary heart disease is increased in adult subjects who have been obese in adolescence. 15, 16 Obesity tracks significantly from childhood to adulthood, 17 and this may partly explain the relationship between childhood obesity and later cardiovascular disease.
In the present article, we review previously published data that provide insight of how obesity in childhood contributes to the development of structural and functional changes in the arteries in adulthood.
Prevalence of obesity and tracking of BMI from childhood to adulthood In the Young Finns cohort, BMI measured in youth is significantly associated with BMI measured in adulthood. The correlation coefficient indicating 21-y tracking between childhood and adulthood BMI is r ¼ 0.45 (Po0.0001). It varies between r ¼ 0.3 and r ¼ 0.7 in the six age groups, being stronger in older age groups. In 2001, the prevalence of adult obesity (defined as BMI430 kg/m 2 ) was 13.5% in men and 11.4% in women. The prevalence of adult obesity was about 35% in subjects who had been obese (defined as BMI4age and sex specific 90th percentile) in childhood at ages 3, 6 and 9 y (about three times increased risk compared to all children). And about 65% in those who had been obese in adolescence at ages 12, 15 and 18 y (about four times increased risk compared to all adolescents).
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Childhood risk factors and IMT in adulthood
In multivariate analysis, childhood LDL-cholesterol, systolic blood pressure, BMI and smoking were all significantly associated with adult IMT in the model adjusted for age and sex. 8 The effects of childhood LDL-cholesterol and systolic blood pressure remained independently associated with carotid IMT when adjusted for the current risk factor values (Po0.01 for both). However, when adulthood BMI was entered into the model, the effect of childhood BMI became nonsignificant.
Childhood risk factors and carotid artery elasticity
The multivariate correlates of carotid artery elasticity included age, sex, childhood skinfold thickness and childhood systolic blood pressure. To examine how the associations between childhood risk and adult carotid elasticity change when taking into account the effect of adult risk, we calculated the associations of these variables with carotid elasticity before and after adjustment for current risk factors. Overall, the effect of childhood risk factors on adult elasticity was attenuated about 50% when the effect of current risk factors were taken into account. 9 Childhood systolic blood pressure remained borderline significantly (P ¼ 0.08) associated with carotid elasticity when the effect of current blood pressure was taken into account. However, childhood skinfold thickness was not associated with carotid artery elasticity (P ¼ 0.16) when adjusted with adult BMI.
Comment
Follow-up studies from childhood to adulthood have indicated that being obese or overweight in early life may be associated with increased atherosclerosis, including increased carotid artery IMT 8, 18 and coronary calcification, 19 as well as with increased morbidity and mortality from cardiovascular causes. 15, 16 These observations suggest that obesity may have long-term influences on the development of atherosclerosis. Alternatively, the relationship between childhood obesity and later risk could be explained by significant tracking of body size from youth to adulthood. 17, 20 The longitudinal data from the Young Finns Study indicate that obesity in youth (BMI490th percentile) is a risk factor for obesity in adulthood. Being obese in adolescence between ages 12 and 18 y carries about four-fold increased risk of being obese in adulthood 21 y later at ages 33-39 y. We also found that obesity indices measured in childhood and adolescence were significantly associated carotid artery IMT and elasticity measured in adulthood. However, these associations became nonsignificant when the effect of current adulthood BMI was taken into account, suggesting that the relations are partly explained by significant tracking of obesity from youth to adulthood. This suggests that being obese in youth is not inevitably associated with increased carotid IMT and decreased elasticity in adulthood. These findings thus emphasize the importance of maintaining ideal weight from youth to adulthood in cardiovascular risk reduction.
Our results confirm some previous observations from smaller study populations. Oren et al 18 studied 750 healthy young Dutch adults aged 27-30 y, and found that the significant association between adolescent BMI and adult IMT was attenuated after adjustment for adult BMI. Investigators in the Bogalusa Heart Study 21 studied 513 men and women aged 35 y, and found that adult obesity modified the association between childhood obesity and IMT. They found increased IMT values only in subjects who had been consistently obese from childhood to adulthood.
Possible mechanisms relating obesity to vascular changes
The mechanisms through which obesity may influence vascular atherosclerosis are likely to be multiple. Overweight is a powerful risk factor for hypertension; it adversely affects the lipid profile, and may induce insulin resistance already in childhood. 13, 14 Obesity has a role in the pathophysiology of metabolic syndrome and development of hyperinsulinemia. Insulin may stimulate the sympathetic nervous system 22 and promote vascular smooth muscle cell growth, thereby possibly contributing to the development of atherosclerosis. Obesity is also associated with increased systemic oxidative stress 23 and low-grade inflammation. 24 In summary, early life influences of risk factors may have permanent effects on arteries that contribute to the development of future atherosclerosis. The data from the ongoing Cardiovascular Risk in Young Finns Study suggest that obesity in youth is significantly associated with increased carotid artery IMT and decreased elasticity in adulthood. These relations are partly explained by significant tracking of obesity from youth to adulthood. Therefore, the findings emphasize the importance of maintaining ideal weight from youth to adulthood in cardiovascular risk reduction.
